ABSTRACT: Vertical distributions of bactena and viruses were Investigated in the oceanic stations located in subarctic (Stn A) and subtropical (Stn B) areas of the Paciflc using the direct count technique and transmission electron microscopy. Small DAPI-positive, virus-like particles (VLP) were found to be distributed throughout the water column down to 5000 m a t both of the stations. The abundance of VLP ranged from 38 X 10' ml-' a t 50 m depth to 0.6 X 10' ml-' at 5000 m depth a t Stn A. The ratio of VLP to bacteria-like particle (BLP) ranged from 1.1 to 7.4 a t Stn A and 1.0 to 8.7 at Stn B in the entire water column. The maximum ratio was recorded at Stn B from the deepest sample, collected at a depth of 5000 m. The electron microscopic investigation Indicated that the major proportion of VLP were probably viruses.
INTRODUCTION
Viruses are recognized as important members of the marine surface water ecosystem due to their role as decomposers of bacterial and protistan biomasses (Suttle et al. 1990 , Bratbak et al. 1992 , Wommack et al. 1992 , Cochlan et al. 1993 , Jiang &Paul 1994 , Murray & Eldridge 1994 . Recently, various techniques have been developed for detecting viruses in marine environments (Bergh et al. 1989 , Proctor & Fuhrman 1990 , Hara et al. 1991 . Most of them come to similar conclusions, that vlruses are present at concentrations up to 10' ml-' in coastal waters, up to 107 ml-' in offshore waters, and u p to 106 ml-' in oceanic waters. The abundances of bacteria are approximately 107, 106 and 105 cells ml-' for the coastal, offshore and oceanic waters, respectively.
These observations, however, are limited to surface waters. Current knowledge regarding bacterial distribution and activity in the deep sea is limited, but indicates the abundance of bacteria with some activities in 'Present address: Miyazaki Internat~onal College, 1405 Kano, Klyotake-cho, M~yazaki 889-16 , Japan E-mail , shara@kokusai.miyazaki-mic.ac.jp that environment (Patterson et al. 1993, Turley and Mackie 1994, I . Koike & T. Nagata unpubl.). There is no information available on the occurrence and characteristics of viruses in deep water
The concentration of viruses is essential information for the ecological study of the aquatic environment. Three major methods have been applied to enumerating virus particles: an ultracentrifugation concentration-TEM (transmission electron microscopy) observation process (Bergh et al. 1989) , an ultrafiltration concentration-TEM observation process (Proctor & Fuhrman 1990) , and a filtration-epifluorescent microscope observation process (Hara et al. 1991) . The concentration-TEM observation processes have the advantage that one can observe the morphology of virus particles, however, these processes are time consuming and require specialized equipment, e.g. TEM, ultracentrifuge. The filtration-epifluorescent microscope observation technique, on the other hand, is an easily handled and time saving process, requiring only an epifluorescent microscope in addition to normal laboratory equipment. This technique, however, has an ambiguity in distinguishing bacteria from viruses.
In the present study, the reliability of the filtrationepifluorescent microscope observation technique will RESULTS 0.2 I.lm Anodisc aluminos~licate filter, 0.02 pm Anodisc aluminosilicate filter and 0.015 pm Nuclepore polycarbonate filter). Coastal sea water collected from southern Taiwan (Nan-Wan, 15 November 1993) was used for this evaluation. Almost no VLP, less than 1 % of the VLP count with the 0.015 pm Nuclepore filter, were observed in blanks of the pre-filtered (0.02 pm Anodisc) sea water Viruses and bacteria particles can be be established. In addition, the vertical distributions of phology when examined using TEM. In order to verify viruses and bacteria are reported for the first time for the accuracy of the viral abundance measured with the waters collected from the surface to 5000 n~ depth.
ELM method, viral and bacterial abundances from 4 Finally, a comparison is made of the distribution prosamples collected from different depths at Stn A were files for 2 stations located in the subtropical and subcounted with the TEM method as well. In this case, the arctlc areas of the North Pacific Ocean.
fixed seawater samples were stored in the refrigerator on board ship. The water samples were dialyzed ashore with a short polyethylene cylinder approxi-MATERIALS AND METHODS mately 3 mm in height affixed with a 0.015 pm Nuclepore filter on both sides, mounted directly on a grid Seawater samples were collected from 2 oceanic stawithout any concentration, negatively stained by tions (subarctic Stn A, at 44'59.780' N, 165" 08.989' E,  uranyl acetate and observed with a JEOL 200CX elecon 13 May 1991 and subtropical Stn B, at 24"59.730fN, tron microscope as described by Hara et al. (1991) . 164"59.799'E, on 19 May 1991) at varying depths in the North Pacific with a Niskin water sampler during cruise KH-91-3 of the RV 'Hakuho-Maru'. Immediately after sampling, seawater samples were fixed with formalin (final conc. 1 %, v/v), that had been pre-filtered
Comparison of film counts and direct counts by a disk filter (pore size 0.2 pm). For enumeration of bacteria and virus particles, samples were stained with
The mean (k SE) abundance of the BLP (bacteria-like DAPI and then filtered and mounted on glass slides fluorescing particles larger than 0.2 pm) from different with Immersion oil on board (within 1 d) for later meadepths, fllters, and enumeration methods are summasurements ashore with the epifluorescence light rized in Table 1 (depth: 0, 5, 10, and 20 m; filters: microscopy (ELM method) (Hara et al. 1991) . The filter 0.2 p m Poretics, 0.2 pm Anodisc, 0.02 pm Anodisc, and sample preparations for enumeration were stored in a 0.015 pm Nuclepore; methods: direct and film counts). deep-freezer under dark and dry conditions.
A 3-way analysis of variation, filter (4) X depth (4) X Total bacteria and viruses were enumerated by method (2), was performed. The results indicated that counting the number of fluorescing particles on the the main effects of depth and method were not signifi-0.015 pm pore size Nuclepore filter under the photocant; however, th.at of filter was significant, = micrograph (film count; Hara et al. 1991 0.05 showed that no significant differences were indicated between (1) 0.2 pm Anodisc and 0.02 pm Anodisc filter counts, and (2) 0.2 pm Poretics and 0.015 pm Nuclepore filter counts. However, the bacterial counts with the 0.2 pm Poretics and 0.015 pm Nuclepore filters differed significantly from those of the 0.2 pm Anodisc and 0.02 pm Anodisc filters. BLP abundance enumerated by film count on 0.015 pm Nuclepore filters (the method adopted in this paper) was equivalent to that obtained by direct count on 0.2 pm Poretics filter, which is in accordance with the popular method introduced by Porter & Feig (1980) . Significant differences were observed in the abundance of VLP (virus-like fluorescing particles smaller than 0.2 pm) enumerated with film counts on d~fferent filters. The highest abundance of VLP was found using the filter with the smallest pore size (0.015 pm Nuclepore). Comparing 0.2 pm Poretics and 0.2 pm Anodisc filters, the accumulated VLP on the latter were more than 4 times higher than on the former. Not only the pore size but also the material of the filter strongly affect the abundance of VLP observed on the membrane filter. Aluminosilicate Anodisc filters adsorb VLP much more strongly than polycarbonate Poretics filters. The higher intensity of the background fluorescence of the 0 02 pm Anodisc filter was observed, which decreased the VLP abundance obtained by this filter to a lower value than that. obtained by the 0.2 pm Anodisc filter The background fluorescence of the 0.02 pm Anodisc filter could not be reduced even by prestaining the filter with Irgalan Black.
Comparison of ELM and TEM methods
The ratio of the abundance of VLP to that of BLP obtained by the ELM method was compared with the ratio obtained by the TEM method for 4 samples collected from 0, 50, 2000 and 5000 m depth at Stn A ( Table 2 ). The BLP abundance was highest at the surface and decreased with depth. The VLP/BLP ratios "0 015 pm filter, enumerated from the photographed image obtained from the ELM method were well correlated with the ratios from the TEM method (r' = 0.99). The comparison indicates that the fill11 count method with the 0.015 pm filter gave accurate VLP/BLP ratios.
Size distribution of DNA particles Size spectra of DNA particles at 6 different water depths (0, 20, 50, 200, 2000 and 5000 m ) a t Stns A and B (subarctic and subtropical stations, respectively) are presented in Fig. 1 . Fluorescing particles smaller than 0.2 pm (i.e. virus-size VLP) comprise the dominant peak in every sample. Among the fluorescing particles larger than 0.2 pm (i.e. bacterium-size BLP), 2 types of size distribution were distinguished from the spectra obtained from Stn A. One type, a clear peak at a size range from 0.2 to 0.3 pm, was found from the 2000 and 5000 m samples. The other type, a n indistinct peak at size ranges from 0.3 to 0.9 pm, was observed in samples from 0. 20, 50 and 200 m depths. Among the samples with the latter type of spectrum, a n indistinct peak of particle numbers in the size range from 0.2 to 0.3 pm was observed at 0 and 50 m depths.
At Stn B, unimodal and bimodal distributions of BLP were found (Fig. 1) . Samples collected from the 0, 20 and 200 m layers showed clear bimodal peaks for particles 0.3-0.5, 0.5-0.7 and 0.7-0 9 pm in slze, respectively, in addition to a prominent peak at less than 0.2 pm in size. The TEM method indicated that bacteria with a relatively narrow size range (0.5-0.6 pm) were abundant in these samples (data not shown). The unimodal spectrum with a clear peak of BLP less than 0.2 pm in size was found from samples collected at 50, 2000 and 5000 m. Using the TEM method, the majority of bacteria ranged from 0.2 to 0.3 pm in these samples (data not shown).
Vertical distributions of BLP and VLP abundances
Subarctic station (Stn A) BLP denslt~es were highest at the surface (10 X 10' cells ml-l), and they decreased with depth to 0.4-0.6 x 105 cells ml-l at a depth of 5000 m (Fig. 2a) . Three small BLP peaks were fou.nd at the depths of 30, 500 and 2000 m. VLP densities were also high in the surface water and decreased with depth, with some variations. Four sharp peaks were found at the depths of l l , 50, 500 and 2000 m. The maximum density, 38.1 X 105 ml-', was found at 50 m. The peak VLP densities were coincident with those of BLP in the intermediate and deep waters (500 and 2000 m depths). Both VLP and BLP density tended to decrease exponen-tially with depth. The correlation between depth and VLP density was:
where N, is abundance of of VLP and D is depth. The correlation between depth and BLP density was:
where N, is abundance of BLP.
The approximate ratio of VLP to BLP was 2:l (range 1.1 to 4.5) throughout the entire water colun~n except for the notably large ratio of 7.4:l at the 50 m layer (Fig 2c) .
Subtropical station (Stn B)
The number of BLP was 2.0 X 10' ml-l at the sea surface and increased moderately with depth. BLP densities were between 4.0 and 5.3 X 105 ml-' at 10 to 50 m depth. The number of BLP decreased with depth below 30 m and then stabilized at a density of approximately 1 X 105 ml-' below a depth of 200 m. In contrast, the vertical profile of VLP displays 2 clear peaks of 18.7 X 10' and 11.8 X 10' ml-l at 50 and 150 m. Below a depth of 400 m , the levels of VLP remained primarily constant, ca 4 X 105 ml-'. Peak VLP densities were not related to those of BLP (Fig 2b) .
Although there was some fluctuation, the ratio of VLP to BLP tended to increase gradually with depth. Two modest peaks were observed for depths of 50 and 150 m. The maximum ratio of 8.7:1 was observed for the 5000 m layer (Fig. 2c) .
Smaller BLP, from 0.2 to 0.3 pm in size, were pronounced at depths where the VLP/BLP ratios were higher than 4 : l This corresponded to depths of 50 and 2000 m at Stn A and of 50, 200 and 5000 m at Stn B (Fig. 2) In this report, the DAPI-stained particles were classified into 2 categories, smaller or larger than 0.2 pm in diameter (Hara et al. 1991) . Two problems can b e caused by using this size classification to distinguish between bacteria and viruses. One is that the size of the fluorescing particles measured with the images printed on the photographs does not always indicate the accurate sizes of the particles because the halos printed around the light spots obscure the margin of the spots (Lee & Fuhrman 1987) . The other is the size range of the actual bacteria and viruses.
DISCUSSION
The particles on the fluorescent photomicrographs have halos, and the measured size on the photomicrographs thus tends to be a n overestimation. However, the abundance of BLP counted with filters of different pore sizes showed no significant difference (Table l ) , indicating that the halo of the fluorescent particles did not cause a large error for measuring VLP and BLP in our procedure.
Viruses with capsid diameter less than 0. l pm occupied 68.5 k 29.4 O/u (n = 4) of the virus populations observed from the samples collected at 0, 50, 2000 and 5000 m depths at Stn A. The maximum diameter of the capsid observed was 140 pm (data not shown) Viruses with capsid diameters less than 0.1 pm dominated the virus populations collected from various environments (Wommack e t al. 1992 , Barsheim 1993 , Cochlan et al. 1993 , Weinbauer et al. 1993 , Weinbauer & Peduzzi 1994 , Maranger & Bird 1995 The majority of the viruses in the ocean may b e smaller than 0.1 pm in capsid diameter The majority of the VLP measured in this report were about 0.1 pm in diameter. This indicates that the halo produced around the VLP did not cause a large error for measuring VLP in our procedure, and the operational definition of VLP adopted in this report did not contradict the identification of virus particles in epifluorescent microscopy.
Ultramicrobacteria, passing through a 0 2 pm polycarbonate membrane filter, are common members of the bacterial population in natural marine waters (MacDon.el1 & Hood 1982) . Viruses with a capsid diameter as large as 0.2 pm were observed occasionally in California (USA) waters (Cochlan et al. 1993) . These ultramicrobacteria and large viruses cannot be distinguished from the printed image of epifluorescent micrography, and will be misclassified in our category of VLP or BLP. However, ultramicrobacteria-sized viruses with icosahedral heads or other geometric characteristics can be distinguished from ultramicrobacteria with TEM. Indeed the slightly larger ratio of virus/bacteria in epifluorescent microscopy compared to the VLP/BLP ratio in electron microscopy (Table 2 ) implies the existence of ultramicrobacteria in the sample collected from Stn A. The basic corrspondence of the virus/bacteria ratio and VLP/BLP ratio between epifluorescent microscopy and TEM (Table 2) , however, indicates that these cells are in the minority.
The total size spectra of the fluorescing particles including the range from ~0 . 2 to 1.5 pm are shown in (Fig 1.) . It becomes clear that the smaller particles, corresponding to the VLP fraction, do not exceed 0.2 pm in measured size when the size spectra of BLP are shifted to the larger than 0.3 pm fraction. DAPI is not a DNA-specific fluorochrome, it will also stain bacterial cell walls (Zweifel & Hagstrom 1995) . The VLP counts in our criteria may contain a fraction of small detritus. The difference in the virus/ bacteria ratio and VLP/BLP ratio between the TEM a n d epifluorescent microscopy (Table 2) was less than a factor of 2. This, however, indicates that the majority of VLP measured with epifluorescent microscopy can be attributed to viruses.
Smaller bacteria could pass through the 0.2 pm pore sized filter, although gentle filtration methods were employed (Li 1990; Stockner et al. 2990) . Measurement artifacts are minimal here as is evidenced by the failure to find a significant difference in bacteria counts between 0.2 pm a n d 0.02 pm Anodisc aluminosilicate membrane filters. There was also no significant difference in counts between 0.2 pm Poretics and 0.015 pm Nuclepore polycarbonate membrane filters. Significant differences were, however, observed when measurements using 0.2 pm Anodisc and 0.2 pm Poretics filters were compared. The Anodisc filters produced counts up to 30% higher than those obtained with Poretics or Nuclepore filters. The cause of this difference cannot b e attributed to smaller bacteria which might pass through large holes in 0.2 pm polycarbonate Poretics filters (Li 1990 , Stockner et al. 1990 because of the similar counts obtained using 0.015 pm Nuclepore filters. The difference of flatness between the aluminosilicate membrane filters (Anodisc) compared to the polycarbonate membrane filters (Poretics and/or Nuclepore) revealed under a microscopic examination provides a more satisfactory explanation of the results. An aluminos~licate membrane filter such as Anodisc has a flat surface. This produces a wider filter area of observation with a sharper focus than the polycarbonate filters. The latter produce a faint undulation after mounting on a glass slide with immersion oil and have a smaller filter area of observation with a sharp focus. In observations with Poretics and/or Nuclepore filters, small bacteria located outside of the focused area are easily obscured even if larger bacteria in the same area can be clearly observed. Thus, counts obtained using polycarbonate filters may be underestimated by up to 30'%,.
There are differences in the patterns of depth profiles of BLP and VLP from the 2 locations investigated in this study. Higher levels in surface water and exponential decreases with depth observed at the subarctic station (Stn A), indicate that bacteria and virus densities were closely related to other biological acti.vity of the surface water habitat. At the subtropical station (Stn B), both counts were lower at the surface which suggests light inhibition of neustonic bacterial and viral activity (Murray & Jackson 1993) . By way of contrast, in the intermediate and deep waters at Stn B, the counts of BLP and VLP were larger than those measured at Stn A. At Stn B, the highest value of the VLP/ BLP ratio was found at the deepest layer (5008 m depth).
Regarding the vertical distribution of VLP and BLP at the 2 stations, we noticed several sirnilaritles despite the fact that the 2 stations are located in different ocean domains. One similarity is that the concentrations of VLP and BLP were constant at a depth greater than 200 m except for the periodic increase of VLP at 500 and 2000 m depth at Stn A. The VLP/BLP ratios also fluctuated throughout the water columns at both Stns A and B by a factor of 10.
The next similarity was that the maximum chlorophyll layers found at 20 m at Stn A and at 100 m at Stn B do not correspond to the depths at which BLP and/or VLP counts were at maximum (0 and 50 m at Stn A, 20-50 and 125-150 m at Stn B). VLP counts peaked at the depths just above and below the depth where chl a was at a maximum. It has been suggested that viruses may play an important role in determining the mortality of prokaryotes (Proctor & Fuhrman 1990) . It also has been suggested that some viruses infect eukaryotes, such a s microalgae (Bergh et al. 1989) , and viral abundance was positively correlated with chl a Table 3 . VLP abundance was positively correlated with BLP abundance, a correlation which was higher than that with chl a concentration (r = 0.584 vs r = 0.413 at Stn A, and r = 0.503 vs r = 0.0543 at Stn B). The linear correlation coefficients between VLP and BLP abundances could be observed throughout the water column, and the coefficients at Stns A and B were r = 0.733 (p < 0.0001) and r = 0.625 ( p < 0.001), respectively. The positive correlations between viral abundance and chl a concentration and bacterial abundance were reported from the allopatric samples with a wide range of chl a concentration (0.03 to > l 0 pg 1-l, from Fig. 10 in Maranger & Bird 1995), however the correlation could not be seen in sympatric samples collected simultaneously with a narrower chl a concentration range (0.002 to 0.263 pg 1-l, this study). This implies that chl a concentration has not a direct but a n indirect influence on the viral populations. These results suggests that the dominant fraction of viruses in the ocean are not antiphytoplankton viruses, but may be bacteriophages (Wommack et al. 1992) . The other similarity is that the ratio of VLP to BLP is higher when the proportion of the smaller BLP is larger, as observed at 50 and 2000 m at Stn A and at 50 and 5000 m at Stn B [ Figs. 1 & 2 ) . At depths greater than 200 m, the BLP density was less than 105 ml-l. This is less than the minimum density of the food particles required to support phagotrophic protists (Fenchel 1980 (Fenchel . 1982a . Phagotrophic activity by heterotrophic protists on free living bacteria is unlikely to take place at lower depths. A viral infection could be one factor contributing to the presence of smaller bacteria in circumstances where higher viruses/bacteria ratios were found at deeper depths. To verify this hypothesis, the relationship between viral infection and bacteria size was examined using a simple geometric collision model. Bacteria and virus particles are assumed to move according to the principle of Brownian motion. The effects of turbulent shear and linear translation (through swimming) are ignored and it is assumed that the theory of colloidal aggregation can be applied to the agglutination of bacterial and viral particles. The flux (JBV) of aggregated bacteria and viruses is calculated using the following formula (Chandrasekhar 1943 , Stent 1963 where DB is coefficient of diffusion of bacteria, D,, 1s coefficient of diffusion of virus, RB is radius of bacteria, RV is radius of virus, B' is equilibrium density of bacteria, and V' is equilibrium density of virus.
It is assumed that B' and V' are constant, and that JBV depends on the radii of bacteria and vlruses. It is further assumed that RV is constant, RB1 = nR,!, and R,, = a-'RB1. In other words, bacteria B1 is n times larger than the corresponding viruses and B 1 is a times a s large a s bacteria B2. Since bacteria a r e generally larger than viruses, then n > a, with a > 1. The difference between JBIV and JUIV is expressed as: A viral attack on bacteria cannot be excluded as a source of possible stress leading to a size reduction of bacteria in deep waters with lower bacterial density. As a result, a passive acclimation process involving viruses may reduce both viral densities and the size of bacteria at greater depths. This model may not be applicable to the size determination of free-living bacteria in surface waters. The major stresses which cause the change of size and/or mortality of the bacteria in the surface waters are not only virus infection, but also grazing and a more fluctuating environment (Fenchel 1982a , b, Pace 1988 , Gonzalez et al. 1990 , Jiang & Paul 1994 , Wilcox & Fuhrman 1994 The discussion of bacterial size has been based on the assumption that the viruses found in deep waters are produced in situ. However, viruses in the surface water are also a potential source of viruses found at greater depths. This can be discussed in terms of 3 possible vertical transport mechanisms, i.e. direct s i n k~n g , sinking with fecal pellets, and an aggregation-sedimentation system. Direct sinking of viral particles from surface waters to great depths is unlikely because Brownian motion is the dominant motion for small viruses which d o not sink by themselves except when transported as part of the vertical movement of a water mass.
Except for incidental ingestion, zooplankters do not c0nsum.e viruses directly, because of their small size (Gonzalez & Suttle 1993) . A considerable part of the procaryotic plankters in the ocean could be infected by viruses (Proctor & Fuhrman 1990) . Virus particles multiplying in the cells of these procaryotes could be ingested by bacteriophagous organisms, e.g flagellates and/or ciliates. The excreta from these bacteriophagous organisms are smaller than the organisms themselves or even smaller than the prey procaryotic cells (Koike unpubl. data), and may sink slowly. The excreta from bacteriophagous flagellates and/or ciliates are unlikely to be a major source of viruses at depth.
Viruses have been found in many different phytoplankton forms (Bratbak et al. 1990 , 1993 , Cottrell & Suttle 1991 as well as the bacteria and eucaryotes attached to suspended and sinking particles (Proctor & Fuhrman 1991) . Viruses inside and attaching to eucaryotic cells and particles could be a potential food for phytoplankton and detritus feeders producing fecal pellets with a rapid sinking rate in surface waters (Proctor & Fuhrman 1991) . These sinking particles could be a possible source of viruses from the surface to depth especially during periods of algal blooms (Bratbak et al. 1990 (Bratbak et al. , 1993 . The viruses ingested by such zooplankters might be partially damaged during the digesting process. However, to date, no proper evidence for the abundance of virus-infected alga and/or fecal pellets containing viruses at a depth below 200 m has been reported.
A possibility is an aggregation-sedimentation system. Small viral particles as well as virus-infected procaryotic and eucaryotic cells can associate with other particles to produce larger particles (Wells & Goldberg 1993 , Kepkay 1994 . These microaggregates can then coalesce on a large scale to produce macroaggregates (Kepkay 1994) or be grazed upon by detritus feeders to be excreted as fecal pellets, which have a sinking rate high enough to ensure that significant numbers of viruses make it from the surface to lower depths (Proctor & Fuhrman 1991) To date, this hypothesis has not been adequately invest~gated as a mechanism allowing the transport of viral particles to lower ocean depths.
Within the physical transportation process, biological factors should be explored to account for virus population~ at lower depths. Vi.ruses near the surface are species specific (Borsheim 1993) . It is safe to assume that the species composition of bacteria at depth is different from tha.t in the surface. Even if a transport system occurs, the differences in bacteria species produce a difficulty for alien viruses transported from the surface to a given depth to attack an appropriate free livmg cell in the bacteria found at depth. These viruses may rather be attacked and digested by incompatible bacteria living at depth.
A final hypothesis introduced here for the source of viruses found in deep water is in situ production at depth. The total numbers of bacteria and viruses in deep water are about 10000 and 100000 ml-l, respectively (Fig. 2 ) . This level of bacterial and viral densities may be the minimum for bacteriophage replication (Wiggins & Alexander 1985) or an equilibrium of bacterial and viral densities (Kokjohn et al. 1991) , suggesting the viral regulation of bacteria concentration at depth. The bacteria in marine ecosystems are attacked not only by virulent phages, but also by a temperate phage (Freifelder 1987 , Jiang & Paul 1994 , Wilcox & Fuhrman 1994 . Reproduced viruses from a lysogenic bacterial host cell could account for the possible production of viruses in deep waters.
Distributions in the abundance of organisms are controlled by both production and loss mechanisms. We report here a higher abundance of viruses at depth at Stn B compared to that at Stn A, which implies higher production (or transportation) and/or lower loss of virus at depth at Stn B. The loss of viruses in the depths of the ocean should be low because of the lower temperature, the darkness (Mumay & Jackson 1993), and the lower densities of any attacker of viruses (Gonzalez & Suttle 1993) . However, we have no evidence of the consuming and producing mechanism of viruses at depth. Intensive study on the biodynamics of the abyssal ecosystem is necessary to elucidate the production and loss mechanisms of bacteria and viruses at depth.
Recently, Tanoue (1995) discovered that the majority of dissolved protein components in sea water, at the same 2 locations as the present study as well as other oceanic regions, is due to a membrane protein of a Gram-negative bacterium. The reproduction process of viruses results in the simultaneous release of virus particles and bacterial cell membrane proteins from the virus infected bacteria. The ubiquitous and abundant distribution of viruses as well as bacterial cell membrane protein throughout the water column is consistent with the present study and that of Tanoue (1995) and Tanoue et al. (3.995) .
